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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an electronic 
device used for a mobile communication unit or the like 
in the field of information/telecommunication technology 
and a method for fabricating the same. 
[0002] In recent years, demand for various types of 
mobile communication units such as cellular phones and 
personal handy phone systems (PHS) has tremendously 
increased. In order to catch up with such rapidly increas- 
ing demand, the frequencies applied to these mobile 
communication units have exceeded the MHz bands to 
reach the GHz bands. In afrequency converterorasignal 
amplifier for the receiver or transmitter section of such a 
mobile communication unit, a gallium arsenide (GaAs) 
field effect transistor (FET), which can operate with high 
gain, low distortion and small current even in a high fre- 
quency region, is widely used. 

[0003] A large number of GaAs FETs are formed on a 
semi-insulating substrate made of GaAs. Then, during 
mounting, the substrate is divided by dicing into respec- 
tive chips. Each of the divided chips is mounted on a lead 
frame. Thereafter, the electrodes of each GaAs FET are 
electrically connected to the lead frame via an Au wire. 
[0004] However, if an FET having such a structure is 
operated in a high frequency region, then the gain of the 
FET adversely decreases, because the Au wire contrib- 
utes to the formation of parasitic inductance. 
[0005] Thus, in order to solve this problem, a method 
for electrically connecting the electrodes of an FET 
formed on a GaAs substrate to a lead frame through a 
conductor layer filled in a via hole formed in the GaAs 
substrate is suggested in Japanese Laid-Open Publica- 
tion No. 6-5880, for example. In accordance with this 
method, the distance between the electrodes of the FET 
and the lead frame to be connected thereto can be short- 
ened compared with connecting the electrodes to the 
lead frame via an Au wire. As a result, the parasitic in- 
ductance can be considerably reduced and the decrease 
in gain of the FET can be prevented. 
[0006] Hereinafter, a conventional method forfabricat- 
ing an electronic device having a via hole as disclosed 
in Japanese Laid-Open Publication No. 6-5880 will be 
described with reference to Figures 12(a) through 12(d). 
[0007] First, as shown in Figure 12(a), an FET, includ- 
ing an active layer 12, a source electrode 13, a drain 
electrode 14 and a gate electrode 15, is formed on the 
principal surface of a substrate 11 made of GaAs and 
having a thickness of 600 |uun. Then, as shown in Figure 
1 2(b), the back surface of the substrate 1 1 is polished to 
have the thickness thereof reduced to several tens to one 
hundred and several tens |am. 

[0008] Next, as shown in Figure 1 2(c), an etching mask 
16 having an opening 16a at a site corresponding to the 
source electrode 13 is formed on the back surface of the 
substrate 11, and the substrate 11 is etched using this 



mask 16, thereby forming a via hole 17 in the substrate 
1 1 so as to reach the backsurface of the source electrode 
13. 

[0009] Subsequently, as shown in Figure 12(d), the 
5 etching mask 16 is removed, and a plating undercoat 
layer 18 is formed over the entire back surface of the 
substrate 11 as well as the wall and bottom surfaces of 
the via hole 17. Then, a metal electrode 19 is formed 
overthe plating undercoat layer 1 8 by electroplating tech- 
no nique such that the via hole 17 is filled in with the metal 
electrode 19. In this manner, an electronic device, which 
includes the substrate 11 with a reduced thickness and 
in which the source electrode 1 3 is electrically connected 
to the metal electrode 19, can be obtained. It is noted 
15 thatthe plating undercoat layer 1 8 improves the adhesion 
of the metal electrode 1 9 to the substrate 1 1 . 
[0010] However, in accordance with this conventional 
method for fabricating an electronic device, since the via 
hole 17 is formed by etching the thinned substrate 11 
20 using the etching mask 16, the substrate 11 is likely to 
crack. The reason is as follows. In order to form the via 
hole 1 7, the thinned substrate 11 must be transported to 
an apparatus for forming the etching mask 16 and then 
to an apparatus for etching the substrate 11. That is to 
25 say, since the substrate 11, which has the mechanical 
strength thereof decreased because of the reduction in 
thickness thereof, should be transported to these appa- 
ratuses, the substrate 11 is more likely to crack during 
the transportation. Thus, in accordance with the conven- 
30 tional method for fabricating an electronic device, the pro- 
duction yield adversely decreases. 
[001 1 ] Also, in order to form the via hole 1 7 in the sub- 
strate 11, the etching mask 16 having the opening 16a 
at the site corresponding to the source electrode 13 
35 should be formed over the back surface of the substrate 
1 1 . Accordingly, during this process step, the position of 
the source electrode 13 formed on the principal surface 
of the substrate 1 1 should be aligned with the position of 
the opening 16a of the etching mask 16 formed on the 
40 back surface of the substrate 11. However, in order to 
align the position of the source electrode 1 3 on the prin- 
cipal surface of the substrate 11 with the position of the 
opening 16a of the etching mask 16 on the backsurface 
thereof, a special aligner must be used. In addition, the 
45 process step required is adversely complicated and dif- 
ficult. 

[0012] Each of documents EP 0 693 778, US 5 488 
253 and US 5 646 067 discloses methods for fabricating 
electronic devices having via holes. 

50 

SUMMARY OF THE INVENTION 

[0013] In view of the above-described problems, the 
objects of the present invention are to prevent a decrease 
55 in production yield because of cracking of a substrate 
during the transportation step for forming a via hole in 
the substrate, and to eliminate a complicated alignment 
step conventionally required for forming a via hole in the 
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substrate. 

[001 4] In order to accomplish these objects, a method 
according to claim 1 is provided. A first method for fab- 
ricating an electronic device includes the steps of: a) 
forming a via hole in the principal surface of a substrate, 
the via hole having a bottom; b) forming a conductor layer 
at least over a sidewall of the via hole; and c) thinning 
the substrate by removing a portion of the substrate such 
that the conductor layer is exposed, the portion of the 
substrate being opposite to another portion of the sub- 
strate in which the via hole is formed. 
[0015] In accordance with the first method for fabricat- 
ing an electronic device, a via hole having a bottom is 
formed in the principal surface of a substrate, a conductor 
layer is formed at least over a sidewall of the via hole, 
and then the substrate is thinned by removing a portion 
of the substrate opposite to another portion of the sub- 
strate in which the via hole is formed such that the con- 
ductor layer is exposed. Thus, the steps of forming the 
via hole in the substrate and forming the conductor layer 
in the via hole can be performed on a substrate that has 
not been thinned yet and thus still retains a sufficient 
mechanical strength. Accordingly, the step of transport- 
ing a thinned substrate to an apparatus for forming a via 
hole or to an apparatus for forming a conductor layer 
need not be performed. As a result, it is possible to pre- 
ventthe substrate from cracking during the transportation 
of the substrate to these apparatuses and the production 
yield of the electronic device can be increased as com- 
pared with a conventional method. 
[0016] In addition, no etching mask for forming a via 
hole needs to be formed over the back surface opposite 
to the principal surface of the substrate. Thus, a compli- 
cated alignment step using a special aligner, which has 
been required by a conventional method for aligning the 
position of an opening of the etching mask formed on the 
back surface of the substrate with the position of an elec- 
trode layer formed on the principal surface of the sub- 
strate, is no longer necessary. 

[0017] In one embodiment, the method preferably fur- 
ther includes, prior to the step a), the step of d) forming 
an electrode layer on the principal surface of the sub- 
strate, the electrode layer having a through hole over a 
region where the via hole is to be formed. The step a) 
preferably includes the steps of: forming an etching mask 
over the principal surface of the substrate as well as over 
the electrode layer, the etching mask having an opening 
over the region where the via hole is to be formed; and 
etching the substrate using the etching mask to form the 
via hole. 

[001 8] In such an embodiment, an electrode layer hav- 
ing a via hole is formed over a region where the via hole 
is to be formed, the via hole is formed by etching the 
substrate using an etching mask having an opening over 
the region where the via hole is to be formed, and then 
a conductor layer is formed at least over a sidewall of the 
via hole. Thus, an interconnection layer connecting the 
electrode layer to the conductor layer is no longer nec- 



essary. As a result, the number of required process steps 
can be reduced. 

[0019] In another embodiment, the step b) preferably 
includes the step of filling in the via hole with the conduc- 

5 tor layer. In such an embodiment, the electrode layer 
formed on the principal surface of the substrate can be 
connected to the conductor layer with more certainty. 
[0020] In still another embodiment, the step b) prefer- 
ably includes the step of forming the conductor layer by 

10 electron beam evaporation technique such that the con- 
ductor layer includes a sidewall portion and a bottom por- 
tion and has a recess at the center thereof. In such an 
embodiment, the conductor layer can be formed in a short 
period of time. 

15 [0021] In this case, the step c) preferably includes the 
step of removing the portion of the substrate opposite to 
the portion of the substrate in which the via hole is formed 
such that the bottom portion of the conductor layer is left. 
[0022] If the bottom portion of the conductor layer is 

20 left in this manner, then the contact area between an 
electrode layer formed on the back surface opposite to 
the principal surface of substrate and the conductor layer 
becomes large. As a result, contact resistance between 
the electrode layer on the backsurface and the conductor 

25 layer can be reduced. 

[0023] In still another embodiment, the step b) prefer- 
ably includes the steps of forming a plating undercoat 
layer over the sidewall of the via hole and filling in the 
inside of the plating undercoat layer with the conductor 

30 layer. 

[0024] In such an embodiment, a metal, which is usu- 
ally hard to be directly plated over the substrate, can be 
used as a material for the conductor layer. Accordingly, 
it is possible to broaden the range from which a material 
35 for forming the conductor layer is selected. 

[0025] In still another embodiment, the substrate is 
preferably a semi-insulating substrate made of a Group 
lll-V compound such as gallium arsenide and indium 
phosphide. 

40 [0026] In general, a semi-insulating substrate made of 
a Group lll-V compound easily cracks by nature. In ac- 
cordance with the first method for fabricating an electron- 
ic device, however, even when such an easily cracking 
semi-insulating substrate made of a Group lll-V com- 

45 pound is used, the substrate can be thinned without mak- 
ing the substrate crack. 

[0027] A second method for fabricating an electronic 
device includes the steps of: a) forming an electrode layer 
on the principal surface of a substrate; b) forming a first 
50 plating undercoat layer over the entire principal surface 
of the substrate; c) depositing an insulator film over the 
first plating undercoat layer, the insulator film having an 
opening over a region where a via hole is to be formed, 
a surrounding region thereof and at least part of the elec- 
ts trode layer; d) forming an etching mask overthe first plat- 
ing undercoat layer and the insulator film, the etching 
mask having an opening over the region where the via 
hole is to be formed; e) forming the via hole having a 
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bottom through the first plating undercoat layer and in 
the substrate by etching the substrate using the etching 
mask; f) forming a second plating undercoat layer over 
the etching mask as well as over the inside of the via 
hole; g) leaving the second plating undercoat layer inside 
the via hole by lifting off the second plating undercoat 
layer and the etching mask; h) forming a metal layer to 
coverthe opening oftheinsulatorfilm as well as the inside 
of the via hole by plating the first and second plating un- 
dercoat layers with a metal using the insulator film as a 
mask; and i) thinning the substrate by removing a portion 
of the substrate opposite to another portion of the sub- 
strate in which the via hole is formed such that the metal 
layer is exposed. 

[0028] In accordance with the second method for fab- 
ricating an electronic device, the steps of forming the via 
hole in the substrate and forming the conductor layer in 
the via hole can be performed on a substrate that has 
not been thinned yet and thus still retains a sufficient 
mechanical strength, as in the first method for fabricating 
an electronic device. Accordingly, the step of transporting 
a thinned substrate to an apparatus for forming a via hole 
or to an apparatus for forming a conductor layer need 
not be performed. As a result, it is possible to prevent 
the substrate from cracking during the transportation of 
the substrate to these apparatuses and the production 
yield of the electronic device can be increased as com- 
pared with a conventional method. 
[0029] In addition, no etching mask for forming a via 
hole needs to be formed over the back surface opposite 
to the principal surface of the substrate. Thus, a compli- 
cated alignment step using a special aligner, which has 
been required by a conventional method for aligning the 
position of an opening of the etching mask formed on the 
back surface of the substrate with the position of an elec- 
trode layer formed on the principal surface of the sub- 
strate, is no longer necessary. 

[0030] In particular, in accordance with the second 
method for fabricating an electronic device, metal plating 
is performed by using, as a mask, an insulatorfilm having 
an opening over a region where a via hole is formed, a 
surrounding region thereof and at least part of the elec- 
trode layer, thereby forming a metal layer to cover the 
opening of the insulator film as well as the inside of the 
via hole. Thus, since the metal film connected to the elec- 
trode layer formed on the principal surface of the sub- 
strate reaches the region surrounding the region where 
the via hole is formed, the electrical characteristics of the 
electronic device can be tested by connecting a tester 
electrode to the metal film reaching the surrounding re- 
gion. Accordingly, the electrical characteristics of the 
electronic device already including the via hole can be 
performed while the substrate has not been thinned yet 
and thus still retains a sufficient mechanical strength. 
Moreover, the substrate of an electronic device having 
defective electrical characteristics is not thinned in vain. 
[0031] In one embodiment, the step h) preferably in- 
cludes the step of forming the metal layer in such a shape 



as including a sidewall portion and a bottom portion and 
has a recess at the center thereof. The step i) preferably 
includes the step of removing the portion of the substrate 
opposite to the portion of the substrate in which the via 
5 hole is formed such that the bottom portion of the metal 
layer is left. 

[0032] In such an embodiment, the contact area be- 
tween an electrode layer formed on the back surface op- 
posite to the principal surface of the substrate and the 
conductor layer becomes large. As a result, contact re- 
sistance between the electrode layer on the back surface 
and the conductor layer can be reduced. 
[0033] A first electronic device includes: an electrode 
layer formed on a substrate; a via hole formed in the 
vicinity of the electrode layer in the substrate; and a con- 
ductor layerformed at least over a sidewall of the via hole 
and electrically connected to the electrode layer. The via 
hole has a cross-sectional shape, at least part of which 
has an interior angle equal to or larger than 1 80 degrees. 
[0034] In the first electronic device, at least part of the 
cross section of the via hole has an interior angle equal 
to or larger than 180 degrees. Thus, the contact area 
between the conductor layer formed at least over the 
sidewall of the via hole and the substrate is larger. As a 
result, the adhesion between the conductor layer and the 
substrate increases and the conductor layer is less likely 
to peel off the substrate. 

[0035] A second electronic device includes: an elec- 
trode layer formed on a substrate; a via hole formed in 
the vicinity of the electrode layer in the substrate; and a 
conductor layer formed at least over a sidewall of the via 
hole and electrically connected to the electrode layer. 
The conductor layer has an area with which a probe nee- 
dle is able to make electrical contact. 
[0036] In the second electronic device, the conductor 
layer has an area with which a probe needle is able to 
make electrical contact. Thus, the electrical characteris- 
tics of the electronic device can be tested by connecting 
a probe needle to an exposed part of the conductor layer 
on the back surface of the substrate. Since the electrical 
characteristics of the electronic device can be tested be- 
fore a metal electrode is formed on the back surface of 
the substrate, the metal electrode is not formed in vain 
for an electronic device having defective electrical char- 



DESCRIPTION OF THE DRAWINGS 



Figures 1(a) through 1(f) are cross-sectional views 
illustrating the respective process steps for fabricat- 
ing an electronic device in the first embodiment. 

55 Figures 2(a) through 2(f) are cross-sectional views 
illustrating the respective process steps for fabricat- 
ing an electronic device in the second embodiment. 
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Figures 3(a) through 3(f) are cross-sectional views 
illustrating the respective process steps for fabricat- 
ing an electronic device in the third embodiment. 

Figures 4(a) through 4(f) are cross-sectional views 5 
illustrating the respective process steps for fabricat- 
ing an electronic device in the fourth embodiment. 

Figures 5(a) through 5(f) are cross-sectional views 
illustrating the respective process steps for fabricat- 10 
ing an electronic device in the fifth embodiment. 

Figures 6(a) through 6(c) are plan views illustrating 
various types of etching masks usable for fabricating 
an electronic device in the fifth embodiment. 15 

Figures 7(a) through 7(f) are cross-sectional views 
illustrating the respective process steps for fabricat- 
ing an electronic device in the sixth embodiment. 

20 

Figures 8(a) through 8(e) are cross-sectional views 
illustrating the respective process steps for fabricat- 
ing an electronic device in the seventh embodiment. 

Figures 9(a) through 9(c) are cross-sectional views 25 
illustrating the first half of the process steps for fab- 
ricating an electronic device in the eighth embodi- 
ment. 

Figures 10(a) through 10(c) are cross-sectional 30 
views illustrating the second half of the process steps 
for fabricating an electronic device in the eighth em- 
bodiment. 

Figure 1 1 (a) is cross-sectional view of an electronic 35 
device formed in accordance with the method for fab- 
ricating an electronic device of the eighth embodi- 
ment; and 

Figure 11(b) is a plan view of the electronic device 
formed in accordance with the method for fabricating 
an electronic device of the eighth embodiment. 

Figures 1 2(a) through 1 2(d) are cross-sectional view 
illustrating a conventional method for fabricating an 45 
electronic device. 

DETAILED DESCRIPTION OF THE INVENTION 

EMBODIMENT 1 50 

[0038] Hereinafter, a method for fabricating an elec- 
tronic device in the first embodiment will be described 
with reference to Figures 1(a) through 1(f). 
[0039] First, as shown in Figure 1 (a), arsenic ions are 55 
selectively implanted into the principal surface portion of 
a substrate 101 made of GaAs and having a thickness 
of 150 imim by using a resist mask. Then, heat treatment 



is conducted to activate the impurity, thereby forming an 
active layer 102 having a thickness of 0.2 \*m. Thereafter, 
a first resist mask, having openings over respective re- 
gions where source/drain electrodes are to be formed, 
is formed over the active layer 102. Then, an alloy film 
of gold and germanium and a gold film are sequentially 
deposited over the first resist mask and the first resist 
mask is lifted off, thereby forming source/drain electrodes 
103 and 104 to be in ohmic contact with the active layer 
102. Also, a second resist mask, having an opening over 
a region where a gate electrode is to be formed, is formed 
over the active layer 102. Then, a titanium film having a 
thickness of 0.05 |am and an aluminum film having a thick- 
ness of 0.5 |mm are sequentially deposited over the sec- 
ond resist mask and the second resist mask is lifted off, 
thereby forming a gate electrode 105 to be in Schottky 
contact with the active layer 1 02. In this manner, an FET 
including the active layer 102, the source electrode 103, 
the drain electrode 104 and the gate electrode 105 is 
obtained. It is noted that the gap between the source 
electrode 103 and the gate electrode 105 and the gap 
between the drain electrode 104 and the gate electrode 

105 are both 1 |mm. 

[0040] Next, as shown in Figure 1 (b), an etching mask 

106 having an opening 106a over a region where a via 
hole is to be formed and having a thickness of 20 firm is 
formed over the principal surface of the substrate 101. 
Then, the substrate 101 is etched using the etching mask 
106, thereby forming a via hole 107 having a depth of 
200 |uum and a bottom in the substrate 101. One side of 
the via hole 107 is 20 |uum long. 

[0041] Subsequently, as shown in Figure 1(c), a con- 
ductor layer 1 08, made of platinum, for example, is filled 
in the via hole 1 07 in accordance with electroless plating 
technique or the like and then the etching mask 106 is 
removed. 

[0042] Then, as shown in Figure 1 (d), the source elec- 
trode 103 is connected to the conductor layer 108 in ac- 
cordance with known lithography technique and an inter- 
connection layer 109 made of gold and having a thick- 
ness of 0.5 |mm is formed. 

[0043] Thereafter, as shown in Figure 1(e), the back 
surface portion of the substrate 1 01 (opposite to the por- 
tion where the via hole 107 is formed) is removed such 
that the conductor layer 1 08 is exposed, thereby thinning 
the substrate 101 . 

[0044] Finally, as shown in Figure 1(f), a metal elec- 
trode 110, made of gold, is deposited overthe entire back 
surface of the substrate 101. As a result, the intercon- 
nection layer 109 connected to the source electrode 103 
is electrically connected to the metal electrode 110 by 
way of the conductor layer 108 filled in the via hole 107. 
[0045] In the first embodiment, the steps of forming the 
via hole 1 07 in the substrate 1 01 and filling in the via hole 

107 with the conductor layer 108 can be performed on 
the substrate 1 01 that has not been thinned yet and thus 
still retains a sufficient mechanical strength. Accordingly, 
it is possible to prevent the substrate from cracking while 
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the substrate 101 thinned is transported to perform the 
steps of forming the via hole and the conductor layer. As 
a result, the production yield of the electronic device can 
be increased as compared with a conventional method. 
[0046] In addition, no etching mask for forming the via 
hole 107 needs to be formed over the back surface of 
the substrate 101. Thus, a complicated alignment step 
using a special aligner, which has been required by a 
conventional method for aligning the position of an open- 
ing of an etching maskformed on the backsurface of the 
substrate 101 with the position of the source electrode 
103 formed on the principal surface of the substrate 101 , 
is no longer necessary. 

EMBODIMENT 2 

[0047] Hereinafter, a method for fabricating an elec- 
tronic device in the second embodimentwill be described 
with reference to Figures 2(a) through 2(f). 
[0048] First, as shown in Figure 2(a), arsenic ions are 
selectively implanted into the principal surface portion of 
a substrate 201 made of GaAs and having a thickness 
of 1 50 |mm. Then, heat treatment is conducted to activate 
the impurity, thereby forming an active layer 202 having 
a thickness of 0.2 |mm. Thereafter, source/drain elec- 
trodes 203 and 204 in ohmic contact with the active layer 
202 and a gate electrode 205 in Schottky contact with 
the active layer 202 are formed in the same way as in 
the first embodiment. In this manner, an FET including 
the active layer 202, the source electrode 203, the drain 
electrode 204 and the gate electrode 205 is obtained. 
[0049] In the second embodiment, the source elec- 
trode 203 is formed to extend in the direction away from 
the gate electrode 205 and has an opening 203a over a 
region where a via hole is to be formed, unlike the source 
electrode 103 of the first embodiment. One side of the 
opening 203a is 20 |mm long. 

[0050] Next, as shown in Figure 2(b), an etching mask 
206 having an opening 206a, which communicates with 
the opening 203a of the source electrode 203, and having 
a thickness of 20 fxm is formed overthe principal surface 
of the substrate 201. 

[0051] Then, as shown in Figure 2(c), the substrate 
201 is etched using the etching mask 206, thereby form- 
ing a via hole 207 having a depth of 200 |mm and a bottom 
and communicating with the opening 203a of the source 
electrode 203 in the substrate 201. One side of the via 
hole 207 is 20 |am long. 

[0052] Subsequently, as shown in Figure 2(d), a con- 
ductor layer 208, made of platinum, for example, is filled 
in the via hole 207 by electroless plating technique, and 
the etching mask 206 is removed. 
[0053] Then, as shown in Figure 2(e), the backsurface 
portion of the substrate 201 (opposite to the portion 
where the via hole 207 is formed) is removed such that 
the conductor layer 208 is exposed, thereby thinning the 
substrate 201 . 

[0054] Finally, as shown in Figure 2(f), a metal elec- 



trode 209, made of gold, is deposited overthe entire back 
surface of the substrate 201 . As a result, the source elec- 
trode 203 is electrically connected to the metal electrode 
209 by way of the conductor layer 208 filled in the via 
5 hole 207. 

[0055] I n the second embodiment, the steps of forming 
the via hole 207 in the substrate 201 and filling in the via 
hole 207 with the conductor layer 208 can be performed 
on the substrate 201 that has not been thinned yet and 

10 thus still retains a sufficient mechanical strength. Accord- 
ingly, it is possible to prevent the substrate from cracking 
while the substrate 201 thinned is transported to perform 
the steps of forming the via hole and the conductor layer. 
As a result, the production yield of the electronic device 

15 can be increased as compared with a conventional meth- 
od. 

[0056] In addition, no etching mask for forming the via 
hole 207 needs to be formed over the back surface of 
the substrate 201. Thus, a complicated alignment step 
20 using aspecial alignerfor aligning the position of an open- 
ing of an etching mask on the back surface with the po- 
sition of the source electrode on the principal surface is 
no longer necessary. 

[0057] Moreover, the source electrode 203 can be con- 
25 nected to the metal electrode 209 by filling in the opening 
203a of the source electrode 203 and the via hole 207 
with the conductor layer 208. Thus, in the second em- 
bodiment, the interconnection layer 109, which is re- 
quired in the first embodiment for connecting the source 
30 electrode 103 to the conductor layer 108, is not neces- 
sary. Accordingly, the process can be simplified as com- 
pared with the first embodiment. 

EMBODIMENT 3 

35 

[0058] Hereinafter, a method for fabricating an elec- 
tronic device in the third embodiment will be described 
with reference to Figures 3(a) through 3(f). 
[0059] First, as shown in Figure 3(a), arsenic ions are 
40 selectively implanted into the principal surface portion of 
a substrate 301 made of GaAs and having a thickness 
of 150 |mm. Then, heat treatment is conducted to activate 
the impurity, thereby forming an active layer 302 having 
a thickness of 0.2 |mm. Thereafter, source/drain elec- 
45 trodes 303 and 304 in ohmic contact with the active layer 

302 and a gate electrode 305 in Schottky contact with 
the active layer 302 are formed in the same way as in 
the first embodiment. In this manner, an FET including 
the active layer 302, the source electrode 303, the drain 

50 electrode 304 and the gate electrode 305 is obtained. 
[0060] In the third embodiment, the source electrode 

303 is formed to extend in the direction away from the 
gate electrode 305 and has an opening 303a over a re- 
gion where a via hole is to be formed, as in the second 

55 embodiment. 

[0061 ] Next, as shown in Figure 3(b), an etching mask 
306 having an opening 306a, which communicates with 
the opening 303a of the source electrode 303, and having 
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a thickness of 20 |mm is formed overthe principal surface 
of the substrate 301. Then, the substrate 301 is etched 
using the etching mask 306, thereby forming a via hole 
307 having a depth of 200 |mm and a bottom and com- 
municating with the opening 303a of the source electrode 
303 in the substrate 301 . One side of the via hole 307 is 
20 |mm long. 

[0062] Then, as shown in Figure 3(c), electron beams 
are irradiated at a tilt angle with the etching mask 306 
left, thereby forming a plating undercoat layer 308, made 
of iridium and having a thickness of 1 0 nm, overthe side- 
walls and bottom of the via hole 307. Thereafter, the etch- 
ing mask 306 is lifted off, thereby leaving the plating un- 
dercoat layer 308 only overthe sidewalls and bottom of 
the via hole 307. 

[0063] Subsequently, as shown in Figure 3(d), a con- 
ductor layer 309, made of platinum, for example, is filled 
in the plating undercoat layer 308 by electroless plating 
technique. 

[0064] Then, as shown in Figure 3(e), the back surface 
portion of the substrate 301 (opposite to the portion 
where the via hole 307 is formed) is removed such that 
the conductor layer 309 is exposed, thereby thinning the 
substrate 301 . 

[0065] Finally, as shown in Figure 3(f), a metal elec- 
trode 31 0, made of gold, is deposited overthe entire back 
surface of the substrate 301 . As a result, the source elec- 
trode 303 is electrically connected to the metal electrode 
310 by way of the plating undercoat layer 308 and the 
conductor layer 309 formed in the via hole 307. 
[0066] In the third embodiment, the steps of forming 
the via hole 307 in the substrate 301 and filling in the via 
hole 307 with the conductor layer 309 can be performed 
on the substrate 301 that has not been thinned yet and 
thus still retains a sufficient mechanical strength. Accord- 
ingly, it is possible to prevent the substrate from cracking 
while the substrate 301 thinned is transported to perform 
the steps of forming the via hole and the conductor layer. 
As a result, the production yield of the electronic device 
can be increased as compared with a conventional meth- 
od. 

[0067] In addition, no etching mask for forming the via 
hole 307 needs to be formed over the back surface of 
the substrate 301. Thus, a complicated alignment step 
using aspecial alignerforaligningthe position of an open- 
ing of an etching mask on the back surface with the po- 
sition of the interconnection layer on the principal surface 
is no longer necessary. 

[0068] Moreover, the source electrode 303 can be con- 
nected to the metal electrode 310 by filling in the opening 
303a of the source electrode 303 and the via hole 307 
with the conductor layer 309. Thus, in the third embodi- 
ment, the interconnection layer 109, which is required in 
the first embodiment for connecting the source electrode 
1 03 to the conductor layer 1 08, is not necessary. Accord- 
ingly, the process can be simplified as compared with 
the first embodiment. 

[0069] Furthermore, the plating undercoat metal layer 



308 is formed overthe sidewalls and bottom of the via 
hole 307 and then the plating undercoat layer 308 is filled 
in with the conductor layer 309 by electroless platingtech- 
nique. Thus, the conductor layer may be made of a metal 

5 (e.g., gold) that is usually hard to be directly plated over 
the substrate 301 . 

[0070] In the third embodiment, the conductor layer 

309 is formed by electroless plating technique. Alterna- 
tively, the conductor layer 309 may be formed by any 

10 other plating technique or evaporation technique. 

EMBODIMENT 4 

[0071] Hereinafter, a method for fabricating an elec- 
ts tronic device in the fourth embodiment will be described 
with reference to Figures 4(a) through 4(f). 
[0072] First, as shown in Figure 4(a), arsenic ions are 
selectively implanted into the principal surface portion of 
a substrate 401 made of GaAs and having a thickness 
20 of 150 |mm. Then, heat treatment is conducted to activate 
the impurity, thereby forming an active layer 402 having 
a thickness of 0.2 fxm. Thereafter, source/drain elec- 
trodes 403 and 404 in ohmic contact with the active layer 

402 and a gate electrode 405 in Schottky contact with 
25 the active layer 402 are formed in the same way as in 

the first embodiment. In this manner, an FET including 
the active layer 402, the source electrode 403, the drain 
electrode 404 and the gate electrode 405 is obtained. 
[0073] In the fourth embodiment, the source electrode 
30 403 is formed to extend in the direction away from the 
gate electrode 405 and has an opening 403a over a re- 
gion where a via hole is to be formed, unlike the source 
electrode 103 of the first embodiment. 
[0074] Next, as shown in Figure 4(b), an etching mask 
35 406 having an opening 406a, which communicates with 
the opening 403a of the source electrode 403, and having 
a thickness of 20 is formed over the principal surface 
of the substrate 401. Then, the substrate 401 is etched 
using the etching mask 406, thereby forming a via hole 
40 407 having a depth of 200 |mim and a bottom and com- 
municating with the opening 403a of the source electrode 

403 in the substrate 401 . One side of the via hole 407 is 
20 firm long. 

[0075] Then, as shown in Figure 4(c), a suspension, 
45 in which metal particles of platinum are turned into sol in 
the presence of an organic solvent, is applied over the 
entire surface of the substrate 401 as well as the inside 
of the via hole 407. Thereafter, the suspension is dried 
and the organic solvent is evaporated, thereby forming 
50 a metal particle layer 408 inside the via hole 407 and 
over the etching mask 406. 

[0076] Then, as shown in Figure 4(d), the etching mask 
406 and a part of the metal particle layer 408 existing 
over the etching mask 406 are lifted off and removed. 
55 And the remaining part of the metal particle layer 408 is 
sintered by heating the substrate 401 , thereby forming a 
conductor layer 409 out of the metal particle layer 408 
inside the via hole 407. 
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[0077] Subsequently, as shown in Figure 4(e), the 
back surface portion of the substrate 401 (opposite to 
the portion where the via hole 407 is formed) is removed 
such that the conductor layer 409 is exposed, thereby 
thinning the substrate 401 . 

[0078] Finally, as shown in Figure 4(f), a metal elec- 
trode 41 0, made of gold, is deposited overthe entire back 
surface of the substrate 401 . As a result, the source elec- 
trode 403 is electrically connected to the metal electrode 
410 by way of the conductor layer 409 filled in the via 
hole 407. 

[0079] In the fourth embodiment, the steps of forming 
the via hole 407 in the substrate 401 and filling in the via 
hole 407 with the conductor layer 409 can be performed 
on the substrate 401 that has not been thinned yet and 
thus still retains a sufficient mechanical strength. Accord- 
ingly, it is possible to prevent the substrate from cracking 
while the substrate 401 thinned is transported to perform 
the steps of forming the via hole and the conductor layer. 
As a result, the production yield of the electronic device 
can be increased as compared with a conventional meth- 
od. 

[0080] In addition, no etching mask for forming the via 
hole 407 needs to be formed over the back surface of 
the substrate 401. Thus, a complicated alignment step 
using aspecialalignerforaligningthe position of an open- 
ing of an etching mask on the back surface with the po- 
sition of the interconnection layer on the principal surface 
is no longer necessary. 

[0081 ] Moreover, the source electrode 403 can be con- 
nected to the metal electrode 410 by filling in the opening 
403a of the source electrode 403 and the via hole 407 
with the conductor layer 409. Thus, in the fourth embod- 
iment, the interconnection layer 1 09, which is required in 
the first embodiment for connecting the source electrode 
1 03 to the conductor layer 1 08, is not necessary. Accord- 
ingly, the process can be simplified as compared with 
the first embodiment. 

[0082] Furthermore, in this embodiment, the metal par- 
ticle layer 408 is formed by applying and then drying a 
suspension in which metal particles are turned into sol, 
and the conductor layer 409 is formed by sintering the 
metal particle layer 408. Thus, as compared with forming 
the conductor layer 409 by electroless plating technique, 
the conductor layer 409 can be formed in a shorter period 
of time and much more easily. 

EMBODIMENT 5 

[0083] Hereinafter, a method for fabricating an elec- 
tronic device in the fifth embodiment will be described 
with reference to Figures 5(a) through 5(f) and Figures 
6(a) through 6(c). 

[0084] First, as shown in Figure 5(a), arsenic ions are 
selectively implanted into the principal surface portion of 
a substrate 501 made of GaAs and having a thickness 
of 1 50 |mm. Then, heat treatment is conducted to activate 
the impurity, thereby forming an active layer 502 having 



a thickness of 0.2 |mm. Thereafter, source/drain elec- 
trodes 503 and 504 in ohmic contact with the active layer 
502 and a gate electrode 505 in Schottky contact with 
the active layer 502 are formed in the same way as in 
5 the first embodiment. In this manner, an FET including 
the active layer 502, the source electrode 503, the drain 
electrode 504 and the gate electrode 505 is obtained. 
[0085] Next, as shown in Figure 5(b), an etching mask 
506, having a cross-shaped opening 506a such as that 
shown in Figure 6(a) over a region where a via hole is to 
be formed and having a thickness of 20 |am, is formed 
overthe principal surface of the substrate 501 . One side 
of the cross-shaped opening 506a is 5 |mm long. Then, 
the substrate 501 is etched using the etching mask 506, 
thereby forming a via hole 507 having a cross section in 
the shape of a cross, a depth of 200 |mm and a bottom in 
the substrate 501 . One side of the cross of the via hole 
507 is 5 |mm long. 

[0086] Subsequently, as shown in Figure 5(c), a con- 
ductor layer 508, made of platinum, for example, is filled 
in the via hole 507 by electroless plating technique and 
then the etching mask 506 is removed. 
[0087] Then, as shown in Figure 5(d), the source elec- 
trode 503 is connected to the conductor layer 508 in ac- 
cordance with a known lithography technique and an in- 
terconnection layer 509 made of gold and having a thick- 
ness of 0.5 |mm is formed. 

[0088] Thereafter, as shown in Figure 5(e), the back 
surface portion of the substrate 501 (opposite to the por- 
tion where the via hole 507 is formed) is removed such 
that the conductor layer 508 is exposed, thereby thinning 
the substrate 501 . 

[0089] Finally, as shown in Figure 5(f), a metal elec- 
trode 51 0, made of gold, is deposited overthe entire back 
surface of the substrate 501. As a result, the intercon- 
nection layer 509 connected to the source electrode 503 
is electrically connected to the metal electrode 510 by 
way of the conductor layer 508 filled in the via hole 507. 
[0090] I n the fifth embodiment, the steps of forming the 
via hole 507 in the substrate 501 and filling in the via hole 
507 with the conductor layer 508 can be performed on 
the substrate 501 that has not been thinned yet and thus 
still retains a sufficient mechanical strength. Accordingly, 
it is possible to prevent the substrate from cracking while 
the substrate 501 thinned is transported to perform the 
steps of forming the via hole and the conductor layer. As 
a result, the production yield of the electronic device can 
be increased as compared with a conventional method. 
[0091] In addition, no etching mask for forming the via 
hole 507 needs to be formed over the back surface of 
the substrate 501. Thus, a complicated alignment step 
using aspecial alignerfor aligning the position of an open- 
ing of an etching mask on the back surface with the po- 
sition of the interconnection layer on the principal surface, 
is no longer necessary. 

[0092] Moreover, since the cross section of the via hole 
507 is in the shape of a cross, the surrounding area of 
the via hole 507 and the side area of the conductor layer 
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508 are larger as compared with the cases where the 
cross-sectional shape of the via hole 507 is square or 
circular. Thus, the contact area between the conductor 
layer 508 and the substrate 501 is larger. Accordingly, 
though the adhesion between the substrate 501 made 
of GaAs and the conductor layer 508 made of a metal is 
usually less satisfactory, the larger contact area between 
the conductor layer 508 and the substrate 501 increases 
the adhesion between the conductor layer 508 and the 
substrate 501 , thereby making the conductor layer 508 
less likely to peel off the substrate 501 . 
[0093] Also, since the cross-sectional area of the via 
hole 507 and thus the bottom area of the conductor layer 
508 are larger, the electrical characteristics of the FET 
can be tested by connecting a tester electrode (e.g., a 
probe needle) to an exposed part of the conductor layer 
508 on the back surface of the substrate 501. Accord- 
ingly, since the electrical characteristics of the electronic 
device, in which the conductor layer 508 has already 
been formed, can be tested before the metal electrode 
510 is formed, the metal electrode 510 is not formed in 
vain for an electronic device having defective electrical 
characteristics. 

[0094] The cross sectional shape of the opening 506a 
of the etching mask 506 forformingthe via hole 507 does 
not have to be that of a cross. Alternatively, the opening 
506a may be a star shape such as the opening 506b 
shown in Figure 6(b) or an L shape such as the opening 
506c shown in Figure 6(c). That is to say, the via hole 

507 may have any cross-sectional shape so long as at 
least one interior angle thereof is equal to or larger than 
180 degrees. 

[0095] Also, instead of forming the interconnection lay- 
er 509 connecting the source electrode 503 to the con- 
ductor layer 508, a cross-shaped opening may be formed 
in the source electrode 503 and then the conductor layer 

508 may be filled in the opening of the source electrode 
503 and the via hole 507 as in the second to fourth em- 
bodiments. 

EMBODIMENT 6 

[0096] Hereinafter, a method for fabricating an elec- 
tronic device in the sixth embodiment will be described 
with reference to Figures 7(a) through 7(f). 
[0097] First, as shown in Figure 7(a), arsenic ions are 
selectively implanted into the principal surface portion of 
a substrate 601 made of GaAs and having a thickness 
of 1 50 |mm. Then, heat treatment is conducted to activate 
the impurity, thereby forming an active layer 602 having 
a thickness of 0.2 |uum. Thereafter, source/drain elec- 
trodes 603 and 604 in ohmic contact with the active layer 
602 and a gate electrode 605 in Schottky contact with 
the active layer 602 are formed in the same way as in 
the first embodiment. In this manner, an FET including 
the active layer 602, the source electrode 603, the drain 
electrode 604 and the gate electrode 605 is obtained. 
[0098] Next, as shown in Figure 7(b), an etching mask 



606 having an opening 606a over a region where a via 
hole is to be formed and having a thickness of 20 jim is 
formed over the principal surface of the substrate 601. 
Then, the substrate 601 is etched using the etching mask 

5 606, thereby forming a via hole 607 having a depth of 
200 |mm and a bottom in the substrate 601 . 
[0099] Then, as shown in Figure 7(c), a cylindrical con- 
ductor layer 608 (having a bottom), made of platinum, 
for example, and having a thickness of 0.5 |mm, is formed 

10 over the sidewall and bottom portions of the via hole 607 
by electron beam evaporation technique. And the etching 
mask 606 is removed. 

[0100] Thereafter, as shown in Figure 7(d), the source 
electrode 603 is connected to the sidewall portion of the 

15 conductor layer 608 by a known lithography technique 
and an interconnection layer 609, made of gold and hav- 
ing a thickness of 0.5 jjuti, is formed. 
[0101] Then, as shown in Figure 7(e), the back surface 
portion of the substrate 601 (opposite to the portion 

20 where the via hole 607 is formed) is removed such that 
the bottom portion of the conductor layer 608 is exposed, 
thereby thinning the substrate 601 . 
[0102] Finally, as shown in Figure 7(f), a metal elec- 
trode 61 0, made of gold, is deposited overthe entire back 

25 surface of the substrate 601. As a result, the intercon- 
nection layer 609 connected to the source electrode 603 
is electrically connected to the metal electrode 610 by 
way of the conductor Iayer608 formed in the via hole 607. 
[0103] In the sixth embodiment, the steps of forming 

30 the via hole 607 in the substrate 601 and forming the 
conductor layer 608 in the via hole 607 can be performed 
on the substrate 601 that has not been thinned yet and 
thus still retains a sufficient mechanical strength. Accord- 
ingly, it is possible to prevent the substrate from cracking 

35 while the substrate 601 thinned is transported to perform 
the steps of forming the via hole and the conductor layer. 
As a result, the production yield of the electronic device 
can be increased as compared with a conventional meth- 
od. 

40 [0104] In addition, no etching mask for forming the via 
hole 607 needs to be formed over the back surface of 
the substrate 601. Thus, a complicated alignment step 
using aspecial alignerfor aligning the position of an open- 
ing of an etching mask on the back surface with the po- 

45 sition of the interconnection layer on the principal surface 
is no longer necessary. 

[01 05] Furthermore, in this embodiment, the conductor 
layer 608 is formed on the sidewall and bottom portions 
of the via hole 607 by electron beam evaporation tech- 
no nique. Thus, as compared with forming the conductor 
layer 608 by electroless plating technique, the conductor 
layer 608 can be formed in a shorter period of time and 
much more easily. 

[01 06] Moreover, the conductor Iayer608 has a bottom 
55 and the conductor layer 608 and the metal electrode 61 0 
are connected to each other via the bottom of the con- 
ductor layer 608. Accordingly, the contact resistance be- 
tween the conductor layer 608 and the metal electrode 
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610 is reduced. 

[0107] The conductor layer 608 formed inside the via 
hole 607 may be formed in the shape of a shallow column 
with a recessed portion near the surface thereof, not a 
cylinder having a bottom. 5 

EMBODIMENT 7 

[0108] Hereinafter, a method for fabricating an elec- 
tronic device in the seventh embodiment will be de- 
scribed with reference to Figures 8(a) through 8(e). 
[0109] First, as shown in Figure 8(a), arsenic ions are 
selectively implanted into the principal surface portion of 
a substrate 701 made of GaAs and having a thickness 
of 1 50 |mm. Then, heat treatment is conducted to activate 
the impurity, thereby forming an active layer 702 having 
a thickness of 0.2 |mm. Thereafter, source/drain elec- 
trodes 703 and 704 in ohmic contact with the active layer 

702 and a gate electrode 705 in Schottky contact with 
the active layer 702 are formed in the same way as in 
the first embodiment. In this manner, an FET including 
the active layer 702, the source electrode 703, the drain 
electrode 704 and the gate electrode 705 is obtained. 
[0110] In the seventh embodiment, the source elec- 
trode 703 is formed to extend in the direction away from 
the gate electrode 705 and has an opening 703a over a 
region where a via hole is to be formed, as in the second 
embodiment. 

[0111] Next, as shown in Figure 8(b), an etching mask 

706 having an opening 706a, which communicates with 
the opening 703a of the source electrode 703, and having 
a thickness of 20 |uun is formed overthe principal surface 
of the substrate 701. Then, the substrate 701 is etched 
using the etching mask 706, thereby forming a via hole 

707 having a depth of 200 |mm and a bottom and com- 
municating with the opening 703a of the source electrode 

703 in the substrate 701 . One side of the via hole 707 is 
20 |mm long. 

[0112] Then, as shown in Figure 8(c), a conductor lay- 
er 708 having a thickness of 0.5 |mm is formed over the 
sidewall and bottom portions of the via hole 707 by elec- 
tron beam evaporation technique or plating technique. 
And the etching mask 706 is removed. 
[0113] Subsequently, as shown in Figure 8(d), the 
back surface portion of the substrate 701 (opposite to 
the portion where the via hole 707 is formed) is removed 
such that the bottom portion of the conductor layer 708 
is removed and the sidewall portion thereof is exposed, 
thereby thinning the substrate 701 . 
[0114] Finally, as shown in Figure 8(e), a metal elec- 
trode 709, made of gold, is deposited overthe entire back 
surface of the substrate 701 . As a result, the source elec- 
trode 703 is electrically connected to the metal electrode 
709 by way of the cylindrical conductor layer 708 formed 
in the via hole 707. 

[0115] In the seventh embodiment, the steps of form- 
ing the via hole 707 in the substrate 701 and forming the 
conductor layer 708 in the via hole 707 can be performed 



on the substrate 701 that has not been thinned yet and 
thus still retains a sufficient mechanical strength. Accord- 
ingly, it is possible to prevent the substrate from cracking 
while the substrate 701 thinned is transported to perform 
the steps of forming the via hole and the conductor layer. 
As a result, the production yield of the electronic device 
can be increased as compared with a conventional meth- 
od. 

[0116] In addition, no etching mask for forming the via 
hole 707 needs to be formed over the back surface of 
the substrate 701. Thus, a complicated alignment step 
using aspecial alignerfor aligning the position of an open- 
ing of an etching mask on the back surface with the po- 
sition of the interconnection layer on the principal surface 
is no longer necessary. 

[01 1 7] Moreover, the source electrode 703 can be con- 
nected to the metal electrode 709 by forming the con- 
ductor layer 708 in the opening 703a of the source elec- 
trode 703 and in the via hole 707. Thus, in the third em- 
bodiment, the interconnection layer 109, which is re- 
quired in the first embodiment for connecting the source 
electrode 103 to the conductor layer 108, is not neces- 
sary. Accordingly, the process can be simplified as com- 
pared with the first embodiment. 

[0118] Furthermore, the conductor layer 708 is cylin- 
drical and does not fill in the via hole 707. Thus, the time 
required to form the conductor layer 708 can be short- 
ened. 

EMBODIMENT 8 

[0119] Hereinafter, a method for fabricating an elec- 
tronic device in the eighth embodiment will be described 
with reference to Figures 9(a) through 9(c), Figures 10 
(a) through 10(c) and Figures 11(a) and 11(b). 
[0120] First, as shown in Figure 9(a), arsenic ions are 
selectively implanted into the principal surface portion of 
a substrate 801 made of GaAs and having a thickness 
of 150 fxm. Then, heat treatment is conducted to activate 
the impurity, thereby forming an active layer 802 having 
a thickness of 0.2 |mm. Thereafter, source/drain elec- 
trodes 803 and 804 in ohmic contact with the active layer 
802 and a gate electrode 805 in Schottky contact with 
the active layer 802 are formed in the same way as in 
the first embodiment. In this manner, an FET including 
the active layer 802, the source electrode 803, the drain 
electrode 804 and the gate electrode 805 is obtained. 
Then, a first plating undercoat layer 806 is formed over 
the entire surface of the substrate 801 by evaporation or 
sputtering technique. 

[01 21 ] Next, as shown in Figure 9(b), an insulator film 
807 made of silicon dioxide (Si0 2 ) is deposited overthe 
entire surface of the first plating undercoat layer 806. 
Thereafter, first and second openings 807a and 807b 
are formed in respective regions of the insulator film 807 
where source-side and drain-side extended interconnec- 
tions are to be formed. That is to say, these openings 
807a and 807b are formed on the left hand side of the 
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source electrode 803 opposite to the gate electrode 805 
and on the right hand side of the drain electrode 804 
opposite to the gate electrode 805, respectively. 
[0122] Next, as shown in Figure 9(c), an etching mask 
808, having an opening 808a over a region where a via 
hole is to be formed, is formed over the principal surface 
of the substrate 801 as well as over the insulator film 807. 
Then, the first plating undercoat layer 806 and the sub- 
strate 801 are etched using the etching mask 808, there- 
by forming a via hole 809 having a depth of 200 |mm and 
a bottom in the substrate 801. One side of the via hole 
809 is 20 |uim long. 

[0123] Subsequently, as shown in Figure 10(a), a sec- 
ond plating undercoat layer 81 0 is formed by evaporation 
orsputteringtechnique overthe entire surface of the etch- 
ing mask 808 as well as the inside of the via hole 809. 
[0124] Thereafter, as shown in Figure 10(b), the etch- 
ing mask 808 is lifted off, thereby leaving the second 
plating undercoat layer 810 only on the wall and bottom 
portions of the via hole 809. Then, using the insulator 
film 807 as a masking member, a metal plating layer is 
formed overthe first and second plating undercoat layers 
806 and 810 as well as the inside of the via hole 809, 
thereby forming source-side and drain-side extended in- 
terconnections 811 A and 81 1B out of the metal plating 
layer. In this case, the source-side extended intercon- 
nection 81 1 A is formed overthe sidewall and bottom por- 
tions of the via hole 809 and an upper surface region of 
the substrate 801, while the drain-side extended inter- 
connection 81 1B is formed over another upper surface 
region of the substrate 801 . 

[0125] Next, as shown in Figure 10(c), the back sur- 
face portion of the substrate 801 (opposite to the portion 
where the via hole 809 is formed) is removed such that 
the bottoms of the source-side extended interconnection 
811 A and the second plating undercoat layer 810 are 
removed and the sidewall portions of the interconnection 
81 1 A and the undercoat layer 81 0 are exposed, thereby 
thinning the substrate 801 . 

[0126] Finally, as shown in Figure 11(a), a metal elec- 
trode 81 2, made of gold, is deposited overthe entire back 
surface of the substrate 801. As a result, as shown in 
Figures 1 1 (a) and 1 1 (b), the source electrode 803 is elec- 
trically connected to the metal electrode 812 by way of 
the source-side extended interconnection 811 A formed 
over the upper surface region of the substrate 801 and 
the inside of the via hole 809. 

[0127] In the eighth embodiment, the steps of forming 
the via hole 809 in the substrate 801 and forming the 
source-side and drain-side extended interconnections 
81 1 A and 81 1 B can be performed on the substrate 801 
that has not been thinned yet and thus still retains a suf- 
ficient mechanical strength. Accordingly, it is possible to 
prevent the substrate 801 from cracking while the sub- 
strate 801 thinned is transported to perform the steps of 
forming the via hole and the interconnections. As a result, 
the production yield of the electronic device can be in- 
creased as compared with a conventional method. 



[0128] In addition, no etching mask for forming the via 
hole 809 needs to be formed over the back surface of 
the substrate 801. Thus, a complicated alignment step 
using aspecial alignerfor aligning the position of an open- 
5 ing of an etching mask on the back surface with the po- 
sition of the interconnection layer on the principal surface 
is no longer necessary. 

[0129] Moreover, the source-side and drain-side ex- 
tended interconnections 81 1 A and 81 1 B are formed out 

10 of the metal plating layer by plating technique using the 
insulator film 807 as a masking member. Thus, the 
source-side extended interconnection 811 A connecting 
the source electrode 803 to the metal electrode 812 and 
the drain-side extended interconnection 81 1 B connected 

15 to the drain electrode 804 can be formed during a single 
plating process step. As a result, the number of required 
process steps can be considerably reduced. 
[0130] Furthermore, since the source-side and drain- 
side extended interconnections 811 A and 81 1B are 

20 formed on the principal surface of the substrate 801 , the 
electrical characteristics of the FET can be tested by con- 
necting a tester electrode to the respective parts of the 
source-side and drain-side extended interconnections 
811 A and 81 1B formed on the principal surface of the 

25 substrate 801 . Accordingly, the electrical characteristics 
of the electronic device, in which the via hole 809 has 
already been formed, can be performed on the substrate 
801 that has not been thinned yet and thus still retains a 
sufficient mechanical strength. Moreover, the substrate 

30 of an electronic device having defective electrical char- 
acteristics is not thinned in vain. 

[0131] In the eighth embodiment, the source-side ex- 
tended interconnection 81 1 A is cylindrical inside the via 
hole 809. Alternatively, the interconnection 81 1 A may fill 
35 in the via hole 809. 

[0132] In the foregoing first to eighth embodiments, 
any appropriate material that is not eroded owing to etch- 
ing, e.g., photoresist, may be used as a material for the 
etching mask. 

40 [0133] The conductor layer connecting the source 
electrode formed on the principal surface of the substrate 
to the metal electrode formed on the backsurface thereof 
may be made of a conductive metal oxide such as iridium 
oxide or a conductive metal nitride such as titanium ni- 

45 tride. Alternatively, the conductor layer may have a mul- 
tilayer structure in which a plurality of layers made of 
these oxides and nitrides are stacked. 
[0134] In the foregoing embodiments, the substrate is 
made of GaAs. Alternatively, the substrate may be a sub- 

50 strate made of any other Group lll-V compound semi- 
conductor such as indium phosphide (InP), a silicon sub- 
strate, an insulating substrate made of sapphire or the 
like, or an amorphous substrate such as a glass sub- 
strate. Also, a substrate including any other device such 

55 as a semiconductor laser device, not the FET, may be 
used. 

[0135] The substrate may be thinned by polishing, 
etching or the like. 
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Claims 

1 . A method for fabricating an electronic device, com- 
prising the steps of: 

5 

a) forming an electrode layer (803) on the prin- 
cipal surface of a substrate (801); 

b) forming a via hole (809) in the principal sur- 
face of said substrate (801 ), the via hole having 

a bottom, this step comprising 10 
forming afirst plating undercoat layer (806) over 
the entire principal surface of the substrate 
(801), 

depositing an insulator film (807) over the first 
plating undercoat layer (806), the insulator film 15 
(807) having an opening (807a) over a region 
where a via hole (809) is to be formed, a sur- 
rounding region thereof and at least part of the 
electrode layer (803), 

forming an etching mask (808) overthe first plat- 20 
ing undercoat layer (806) and the insulator film 
(807), the etching mask (808) having an opening 
(808a) overthe region where the via hole (809) 
is to be formed, 

forming the via hole(809) having a bottom 25 
through the first plating undercoat layer (806) 
and in the substrate (801) by etching the sub- 
strate (801) using the etching mask (808); 

c) forming a conductor layer at least over a side- 
wall of the via hole, this step comprising: 30 

forming a second plating undercoat layer 
(810) over the etching mask (808) as well 
as over the inside of the via hole (809), 
leaving the second plating undercoat layer 35 
(810) inside the via hole (809) by lifting off 
the second plating undercoat layer (810) 
and the etching mask (808), 
forming a metal layer (81 1 A) to cover the 
opening (807a) of the insulator film (807) as 
well as the inside of the via hole(809) by 
plating the first and second plating under- 
coat layers (806, 810) with a metal using 
the insulator film (807) as a mask; and 

45 

d) thinning the substrate by removing a portion 
of the substrate such that the conductor layer is 
exposed, the portion of the substrate being op- 
posite to another portion of the substrate in 
which the via hole is formed. 50 

2. The method of claim 1 , wherein the step of forming 
a metal layer (81 1 A) comprises the step of forming 
the metal layer in such a shape as including a side- 
wall portion and a bottom portion and having a recess 55 
at the center thereof, 

and wherein step d) comprises the step of removing 
the portion of the substrate opposite to the portion 



of the substrate in which the via hole is formed such 
that the bottom portion of the metal layer is left. 

3. The method of claim 1 or 2, comprising the step, prior 
to step d): 

connecting a tester electrode to the metal layer 
for testing electrical characteristics of the elec- 
tronic device. 

4. The method of one of the claims 1 - 3, wherein the 
step of forming an electrode layer comprises the step 
of forming a field effect transistor (FET). 



Patentansp ruche 

1. Verfahren zum Herstellen einer elektronischen Vor- 
richtung, das die folgenden Schritte umfasst: 

a) Ausbilden einer Elektrodenschicht (803) auf 
der Hauptflache eines Substrats (801); 

b) Ausbilden eines Kontaktlochs (809) in der 
Hauptflache des Substrats (801), wobei das 
Kontaktloch einen Boden hat und dieser Schritt 
umfasst: 

Ausbilden einer ersten Plattierungs-Unter- 
schicht (806) uber der gesamten Hauptfla- 
che des Substrats (801), 
Abscheiden eines Isolatorfilms (807) uber 
der ersten Plattierungs-Unterschicht (806), 
wobei der Isolatorfilm (807) eine Offnung 
(807a) Liber einem Bereich, in dem ein Kon- 
taktloch (809) ausgebildet werden soil, ei- 
nem umgebenden Bereich desselben und 
wenigstens einem Teil der Elektroden- 
schicht (803) aufweist, 
Ausbilden einer Atzmaske (808) uber der 
ersten Plattierungs-Unterschicht (806) und 
dem Isolatorfilm (807), wobei die Atzmaske 

(808) eine Offnung (808a) uber dem Be- 
reich aufweist, in dem das Kontaktloch 

(809) ausgebildet werden soil, 
Ausbilden des Kontaktlochs (809), das ei- 
nen Boden hat, durch die erste Plattierungs- 
Unterschicht (806) hindurch und in dem 
Substrat (801) durch Atzen des Substrats 
(801) unter Verwendung der Atzmaske 
(808); 

c) Ausbilden einer Leiterschicht wenigstens 
uber einer Seitenwand des Kontaktlochs, wobei 
dieser Schritt umfasst: 

Ausbilden einer zweiten Plattierungs-Un- 
terschicht (810) uber der Atzmaske (808) 
sowie uberder Innenseite des Kontaktlochs 
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(809), 

Belassen der zweiten Plattierungs-Unter- 
schicht (810) im Inneren des Kontaktlochs 
(809) durch Abheben der zweiten Plattie- 
rungs-Unterschicht (810) und der Atzmas- 5 
ke (808), 

Ausbilden einer Metallschicht (811a) zum 
Abdecken der Offnung (807a) des Isolator- 
films (807) sowie der Innenseite des Kon- 
taktlochs (809) durch Plattieren der ersten 10 
und der zweiten Plattierungs-Unterschicht 
(806, 810) mit einem Metall unterVerwen- 
dung des Isolatorfilms (807) als eine Maske; 
und 

15 

d) Verdunnen des Substrats durch Entfernen ei- 
nes Teils des Substrats, so dass die Leiter- 
schicht freigelegt wird, wobei der Teil des Sub- 
strats einem anderen Teil des Substrats gegen- 
uberliegt, in dem das Kontaktloch ausgebildet 20 
ist. 

2. Verfahren nach Anspruch 1, wobei der Schritt des 
Ausbildens einer Metallschicht (811a) den Schritt 
des Ausbildens der Metallschicht in einer Form um- 25 
fasst, die einen Seitenwandabschnitt sowie einen 
Bodenabschnitt enthalt und eine Vertiefung in ihrer 
Mitte aufweist, 

und wobei Schritt d) den Schritt des Entfernens des 
Teils des Substrats gegenuber dem Teils des Sub- 30 
strats umfasst, in dem das Durchgangsloch ausge- 
bildet ist, so dass der Bodenabschnitt der Metall- 
schicht zuruckbleibt. 

3. Verfahren nach Anspruch 1 oder 2, das vor Schritt 35 
d) den folgenden Schritt umfasst: 

Verbinden einer Priifelektrode mit der Metall- 
schicht, um elektrische Eigenschaften derelek- 
tronischen Vorrichtung zu prufen. 

4. Verfahren nach einem der Anspruche 1 -3, wobei der 
Schritt des Ausbildens einer Elektrodenschicht den 
Schritt des Ausbildens eines Feldeffekttransistors 
(FET) umfasst. 45 



Revendications 

1. Procede de fabrication d'un dispositif electronique, 50 
comprenant les etapes de : 

a) formation d'une couche d'electrode (803) sur 
la surface principale d'un substrat (801) ; 

b) formation d'un trou traversant (809) dans la 55 
surface principale dudit substrat (801), le trou 
traversant ay ant un fond, cette etape compre- 
nant 



laformation d'une premiere sous-couche de pla- 
cage (806) sur la totalite de la surface principale 
du substrat (801), 

le depot d'un film d'isolant (807) par-dessus la 
premiere sous-couche de placage (806), le film 
d'isolant (807) ayant une ouverture (807a) par- 
dessus une region dans laquelle un trou traver- 
sant (809) est destine a etre forme, une region 
entourant celle-ci et au moins une partie de la 
couche d'electrode (803), 
laformation d'un masque de gravure (808) par- 
dessus la premiere sous-couche de placage 
(806) et le film d'isolant (807), le masque de gra- 
vure (808) ayant une ouverture (808a) par-des- 
sus la region dans laquelle le trou traversant 
(809) est destine a etre forme, 
la formation du trou traversant (809) ayant un 
fond a travers la premiere sous-couche de pla- 
cage (806) et dans le substrat (801 ) par gravure 
du substrat (801) en utilisant le masque de gra- 
vure (808) ; 

c) la formation d'une couche de conducteur au 
moins par-dessus une paroi laterale du trou tra- 
versant, cette etape comprenant : 

la formation d'une deuxieme sous-couche 
de placage (810) par-dessus le masque de 
gravure (808) ainsi que par-dessus I'inte- 
rieur du trou traversant (809), 
le maintien de la deuxieme sous-couche de 
placage (81 0) a I'interieur du trou traversant 
(809) en soulevant la deuxieme sous-cou- 
che de placage (81 0) et le masque de gra- 
vure (808), 

la formation d'une couche de metal (81 1 A) 
pour recouvrir I'ouverture (807a) du film 
d'isolant (807) ainsi que I'interieur du trou 
traversant (809) par placage de la premiere 
et de la deuxieme sous-couches de placage 
(806, 81 0) avec un metal en utilisant le film 
d'isolant (807) comme un masque ; et 

d) I'amincissement du substrat en enlevant une 
partie du substrat de facon a ce que la couche 
de conducteursoit exposee, la partie du substrat 
etant opposee a une autre partie du substrat 
dans laquelle le trou traversant est forme. 

Procede selon la revendication 1 , dans lequel I'etape 
de formation d'une couche de metal (811 A) com- 
prend I'etape de formation de la couche de metal a 
une forme telle qu'elle inclut une partie de paroi la- 
terale et une partie de fond et a un renfoncement au 
centre de celle-ci, 

et dans lequel I'etape d) comprend I'etape d'enleve- 
ment de la partie du substrat opposee a la partie du 
substrat dans laquelle le trou traversant est forme 
de facon a ce que la partie de fond de la couche de 
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metal soit maintenue. 

Procede selon la revendi cation 1 ou 2, comprenant 
I'etape, avant I'etape d) : 

5 

de connexion d'une electrode de testeur a la 
couche de metal pourtester les caracteristiques 
electriques du dispositif electronique. 

Procede selon Tune des revendications 1 a 3, dans 10 
lequel I'etape deformation d'une couche d'electrode 
comprend I'etape de formation d'un transistor a effet 
de champ (FET). 

15 
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Fig. 1 (a) 
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Fig. 2 (a) 



Fig. 2(b) 
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Fig. 3(a) 
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Fig. 4(a) 
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Fig. 5(a) 
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Fig. 6(a) 
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Fig. 7(a) 
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Fig. 11(a) 
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